Context-dependent discrimination learning, a sophisticated form of nonelemental associative learning, has been found in many animals, including insects. The major purpose of this research is to establish a method for monitoring this form of nonelemental learning in rigidly restrained insects for investigation of underlying neural mechanisms. We report context-dependent olfactory learning (occasion-setting problem solving) of salivation, which can be monitored as activity changes of salivary neurons in immobilized cockroaches, Periplaneta americana. A group of cockroaches was trained to associate peppermint odor (conditioned stimulus, CS) with sucrose solution reward (unconditioned stimulus, US) while vanilla odor was presented alone without pairing with the US under a flickering light condition (1.0 Hz) and also trained to associate vanilla odor with sucrose reward while peppermint odor was presented alone under a steady light condition. After training, the responses of salivary neurons to the rewarded peppermint odor were significantly greater than those to the unrewarded vanilla odor under steady illumination and those to the rewarded vanilla odor was significantly greater than those to the unrewarded peppermint odor in the presence of flickering light. Similar context-dependent responses were observed in another group of cockroaches trained with the opposite stimulus arrangement. This study demonstrates context-dependent olfactory learning of salivation for the first time in any vertebrate and invertebrate species, which can be monitored by activity changes of salivary neurons in restrained cockroaches.
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Introduction
The context, the static and diffuse environmental stimuli or background cues present during conditioning or testing (Maren & Holt, 2000) , often influences learning acquisition and memory retrieval in animals. In context-dependent fear conditioning in rats, for example, animals learn different associations between conditioned stimulus (CS) and unconditioned stimulus (US) under different contexts (Holland & Bouton, 1999; Maren & Holt, 2000) . In this learning, contextual stimuli serve as occasion setters to disambiguate the meaning of the CS and get appropriate behavioral responses to the CSs. This form of nonelemental associative learning critically depends on intact hippocampus, whereas elemental CS-US associative learning does not (Hirsh, 1974; Holland & Bouton, 1999; Yoon, Graham, & Kim, 2011) . Sophisticated forms of nonelemental learning by use of contextual stimuli as occasion setters have also been demonstrated in some insects. We have reported that crickets and cockroaches learn to select one of a pair of odors in one visual context and to select the other in another visual context (Matsumoto & Mizunami, 2004; Sato, Matsumoto, Sakura, & Mizunami, 2006) . The influence of circadian system on olfactory learning, which can be considered as a form of contextdependent learning, has been demonstrated in cockroaches (Decker, McConnaughey, & Page, 2007) , and the capability of context-dependent visual pattern discrimination learning has been demonstrated in bumblebees (Colborn, Ahmad-Annuar, Fauria, & Collett, 1999; Fauria, Dale, Colborn, & Collett, 2002) and ants (Chameron, Schats, Pastergue-Ruiz, Beugnon, & Collett, 1998) .
Insects have been used as model animals to study molecular and cellular mechanisms of learning and memory (Daly et al. 2004; Davis, 2005; Giurfa, 2003; Heisenberg, 2003; Menzel & Giurfa, 2006) , but most previous studies on brain mechanisms of learning in insects have been restricted to elemental associative learning between CS and US. Electrophysiological and optophysiological studies on activity changes of brain neurons during learning
